An orthogonal experiment was used to investigate the effects of cotton stalk catalytic pyrolysis conditions on the properties of biological coke. The Fourier transform infrared spectroscopy (FTIR) coupled with scanning electron microcopy (SEM) was applied to inquiry the forming mechanism of biological coke. Reaction catalyst, pyrolysis temperature, holding time and sweeping gas flow rate were considered as the key factors. The results indicate that catalyst and pyrolysis temperature are the dominant factors. Decreasing the temperature can improve bio-coke yield and functional groups retention index. Catalysts can not only improve the pyrolysis reaction rate, but also obtain the biological coke with rich void space structure and abundant surface morphology, which can be the high quality raw materials for more products with fairly high added value. Steam atmosphere is conducive to generate relatively high quality biological coke and higher calorific value gas.
Introduction
Biomass catalytic pyrolysis technology has become a hotspot in energy field since it has the advantage of promoting the yield of energy and getting directional chemical products. At present, the scholars have made researches on catalyzed products aimed at gas and liquid products, but the further study on biological coke is relatively rare, which may also have great development and utilization potentiality as a by-product of pyrolysis reaction. Large researches [1] [2] indicate that it is a good way to improve the economic benefits of biomass catalytic pyrolysis technology by converting the by-products into more high value-added products. The aim of this work is to investigate the effect of the pyrolysis conditions on the cotton stalk catalytic pyrolysis in the self-made fixed bed pyrolysis experiment platform which can provide technical parameters for the multi-purpose utilization of catalytic pyrolysis by-products.
Experemental
The fuels studied in this work were cotton stalks, and the industrial analysis and elemental analysis are shown in Table 1 . The samples were divided into two groups, one of which was immersed in different catalyst solution for 50h and then oven-dried to constant weight, and another group was untreated stalks. After that, each set was weighed at 20g for preparation. In the experiment, 5 /min was selected as the heating rate, and a four factors and four levels orthogonal program based on the L 16 (4 5 ) orthogonal array was designed. "Four factors" refers to reaction catalyst A, pyrolysis temperature B, holding time C, and sweeping gas D. "Four levels" refers to reaction catalyst A i --none, K 2 CO 3 , KCl, ZnCl 2 ; pyrolysis temperature B i --300, 400, 500, 600( ); holding time C i --30, 45, 60, 75(min); and sweeping gas D i --N 2 30, N 2 50, steam 30, steam 50(ml min -1 ),i=1, 2, 3, 4. Orthogonal design and intuitive analysis results based on the three evaluation criterion listed are shown in table 2. 
Results and Discussion
The curves of different bio-coke properties are presented under the four key factors (Fig. 1 ). The figure "1" of abscissa refers to catalyst A 1 , pyrolysis temperature B 1 , holding time C 1 and sweeping gas D 1 at the same time. Similarly, figure 2, 3, 4 are the same.
1 Effect of holding time and sweeping gas on bio-coke characteristics
For the factor holding time C, the yield of bio-coke is basically stable, and ash of bio-coke is C1>C2>C4>C3, and volatile of bio-coke is C3>C2>C4>C1. When considering the quality of bio-coke and energy consumption in the production process, it is advisable to choose 45 min for the holding time.
For the factor sweeping gas D, the variation trend indicated that when the carrier gas was D4, the yield of bio-coke and ash achieved the optimal level, and the volatile was only next to D1, which showed that steam atmosphere can promote the biomass pyrolysis process and improve the yield and quality of biocoke. Water gas reaction happened which contributed to formulate lots of high calorific value gas fuel such as CO, H 2 , CH 4 , etc. With the escape of volatiles, developed void space structures were produced in the by-product bio-coke, which can be the good raw material for the preparation of activated carbon.
Effect of pyrolysis temperature on bio-coke characteristics
When considering the yield of coke and volatile, the result is B1> B2> B3> B4, which indicates that both of the indices increased with the increase of the pyrolysis temperature. The reason is that the pyrolysis reaction of hemicellulose, cellulose and lignin took place sequentially and resulted in the reduction of the yield. In a word, low pyrolysis temperature conducive to the formulation of bio-coke. As shown in Fig. 2 , the FTIR spectrum of bio-coke under different temperatures are quite different. When the temperature is 300 , the major organic functional groups of bio-coke is relatively rich. The absorption band of OH and C=O are relatively strong and aliphatic structure is quite obvious. With the increase of pyrolysis temperature, lots of the functional groups connected to aromatic were broken and restructured to new compounds. The absorption band of OH decreases significantly since intramolecular dehydration reaction of hemicellulose take place. The absorption band of CH and C-O-C decreases, and some typical functional groups such as CH 3 O, NO 2 disappear, which prove the presence of old bond breakage and volatilization process in the pyrolysis process [3] . This indicate that a series of reactions occurred and large substances were formulated such as acids, alcohols, aldehydes, ethers, gases of CO, CO 2 and so on [4] . When the pyrolysis temperature increases to 600 , the quantity of functional groups reduce sharply. Especially, the absorption bond between 1500cm -1 to 1000 cm -1 do not exist any more, which indicate that the organic substance in pyrolysis bio-coke almost disappear.
Effect of catalyst on bio-coke characteristics
According to the trends in Fig. 1 , for different catalyst A, the yield of bio-coke is A4>A3>A2>A1, and ash of bio-coke is A2>A3>A4>A1, and volatile of bio-coke is A4>A2>A1>A3. The ZnCl 2 catalytic pyrolysis bio-coke have better performance compared with other groups when discussed from the perspective of yield, ash and volatile. But since the role of catalyst is not limited to the indicators such as yield, it is necessary to evaluate the bio-coke properties from functional group, pore structure and so on. Figure 2 . FTIR spectrum of biomass coke Figure 3 . FTIR spectrum of biomass coke at different temperature in different catalyst at 300
As for Fig. 3 ,when comparing to the FTIR spectrum of the traditional bio-coke, the type and magnitude of KCl catalytic pyrolysis bio-coke is very similar, while the functional groups component of K 2 CO 3 and ZnCl 2 are quite different, which indicate that Zn 2+ and CO 3 2- play an important role in the catalytic pyrolysis process. Contrasting the pyrolysis products of K 2 CO 3 with ZnCl 2 , the functional groups of the latter is much less than the former, which indicates that the effect of ZnCl 2 catalysis is stronger. The absorption band of CO 2 and CH n on the FTIR spectra of K 2 CO 3 bio-coke further prove that carbonate ions participate in the pyrolysis reaction to generate CO 2 , which inhibits the volatiles such as CO 2 escape from the cotton stalk and keep the bio-coke with relatively abundant functional group. The results prove the catalyst of K 2 CO 3 have effects on both dissolution and catalytic [5] . Comparing the SEM images of a, b and c, it can be found that the structure of KCl bio-coke is more loose since the pulverization of its opening bridge [6] . When discussing the ZnCl 2 bio-coke, differences can be found that the aperture increase and many small new pores form on the bridge structure which increase the carbon porosity. Moreover, the ZnCl 2 bio-coke are with high strength and clear pass structure, which indicates that transition metal ion not only act as peptization, but also provid the skeleton for the generation of the new carbon because of the high absorption force. Nevertheless, micrograph d shows that the K 2 CO 3 bio-coke are plastic deformation and typical pore structure are unable to identify under 1000 magnification. The K 2 CO 3 bio-coke bonding together in the form of coke fragments, which indicates the catalytic effect of K 2 CO 3 particularly shows in its bond breaking effect for monomer or original molecule.
Conclusions
Appropriate pyrolysis temperature can not only ensure biomass pyrolysis reaction completed sufficiently, but also avoid the situation such as decline of bio-coke yield and structure collapse caused by surface ablation when the temperature is too high.Catalysts can promote pyrolysis reactions and make the biocoke with extensive void space structure. Besides, the catalytic effect varies with different kinds of catalysts. When considering the quality and energy consumption in the production process, it is advisable to choose 45 min for the holding time and 50ml/min steam for the sweeping gas as the optimization result.
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